Ship Routing
Design for the Oily Liquid Waste Collection waste from a number of ports to a waste treatment center. The aim is simultaneously to construct a set of ship routes and to determine the number and the types of ships in a fleet at the minimum total cost. The problem is considered as a vehicle routing problem with heterogeneous fleet of vehicles and multiple trips (VRPHMT). The VRPHMT is a combination of two variants of the classical vehicle routing problem (VRP) by including two additional features.
The first is the heterogeneous fleet of vehicles where number and types of vehicles have to be determined, and the second is multiple trips where vehicles may perform more than one route or trip as long as the total duration of each vehicles does not exceed the planning period.
. Introduction
This paper addresses the issue of ship routing design for collecting and transporting the oily liquid waste from a number of ports to a waste treatment center. The aim is simultaneously to construct a set of ship routes and to determine the number and the types of ships in a fleet at the minimum total cost. The total cost includes the sum of fixed cost depending on the ship type and variable cost depending on the ship type and the duration of sailing time.
The description of the ship routing design of the oily liquid waste collection has been described by Iskendar et al1). Characteristics of each port including port's water depth are given in Table 1 . Port's water depth data are taken from the water depth data for conventional berths in the OCDI's report13).
The distances between ports including the waste treatment plant are shown in Table 2 . The distances from the waste treatment location (Plaju) to four waste production ports are 5 miles (Palembang), 366 miles (Pontianak), 350 miles (Tanjung Priok) and 846 miles (Teluk Bayur). Table 3 shows a distance table   between ports. To generate alternative ships, it is assumed that the ships are specialist tankers. Data of eight specialist tankers under 10,000 deadweight (DWT) shown in Table 6 .
Seeing to the waste production in all ports that are relatively small, we select only two ship types with sizes of 100 and 200 DWT that will be included in the solution. The specifications of these ships are given in Table 7 .
. Solution Approach
The solution approach used for solving the ship routing of the oily liquid waste collection problem follows the Fagerholt's work11). In our approach, we add water depth constraints in the problem. In addition to the feasibility of vehicle's capacity and time (planning period) constraints, the single routes generated must be feasible with respect to water depth constraints. The ships assigned to a particular route must have a draft less than the water depth of any ports belonging to that route. The procedure proceeds until there is no multiple routes can be generated.
The combination of two routes must be feasible respect with two conditions. The first condition is that the two routes do not service the same node, and the second is that the total sailing time of two routes does not exceed the planning period.
Let n be the route type, i.e., n = 1 for single route, n = 2 for double route , and so on. For each ship type k, to one if route r services port j using ship type k and zero otherwise. tkr is the sailing time for route r using ship type k. The first and second condition in the previous paragraph can be stated as follows.
(5 ) The objective function (7) minimizes the total cost including fixed cost of the fleet and variable costs for shipments. Constraints (8) ensure that ships in the fleet service all ports. Constraints (9) impose binary restrictions on the variables. The optimal solution can be obtained by solving the SPP formulation using the integer programming solver.
. Solution Result
This section presents results of using the solution approach to the problem of oily waste collection problem described in Section 3. There are four ports and one depot (waste treatment center) considered.
Demands and water depths of ports are given in Table   1 . Distance data are provided in Table 2 . Ship data including capacity, speed, and draft are given in Table   7 . In this case, we only considers two ship types, namely, ship type 1 (100 DWT) and ship type 2 (200 DWT). We assume that the period planning is one month. Therefore, fixed cost data in Table 7 are converted in monthly unit and the variable costs are changed into hourly basis. For solving the SPP formulation, the numbers in the columns of the ports serviced and the total cost are used as inputs. By solving integer formulation using LINGO 6. 0, the optimal solution is given by route number 20. This route consists of two single routes where the first route is associated with a sequence of (0-1-2-4-1-0) and the second is (0-3-0). These routes are sailed by one ship of ship type 1 with the total sailing time of 8. 973 days. The total cost is US$ 901. 618. Fig. 7 shows the optimal solution. 
